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PATENT 

Attorney Docket No.: 15114-053400US 

I/O CIRCUITRY SHARED BETWEEN PROCESSOR AND 
PROGRAMMABLE LOGIC PORTIONS OF AN INTEGRATED 

CIRCUIT 

CROSS-REFERENCES TO RELATED APPLICATIONS 
The present application claims priority to U.S. provisional patent application 
number 60/21 1,094, filed June 12, 2000, which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 
The present invention relates to programmable logic integrated circuits with an 
embedded processor. More specifically, the present invention relates to input/output (I/O) 
circuitry that is shared between a processor portion and a programmable logic portion of the 
integrated circuit. 

Previously known integrated circuits (or chips) such as field programmable 
gate arrays (FPGAs) and programmable logic devices (PLDs) have provided I/O 
(input/output) pins that provide external access to circuits on the chip. Certain integrated 
circuits may require a large number of I/O pins on the chip to provide support to the internal 
circuitry and to provide the desired functionality and versatility. I/O pins and associated 
circuitry can take up a significant amount of room on the chip. Furthermore, integrated 
circuit technology continues to advance, and it is possible and desirable to provide more 
functionality on an integrated circuit. More I/O pins are generally needed to access or 
otherwise accommodate the additional on-chip functionality. 

As an increasing number of I/O pins are required to be placed on a chip, chips 
must be made larger to accommodate the additional I/O pins. It may be undesirable to use 
chips with large surface areas in certain applications in which board space is limited. Also, 
packages that house chips typically accommodate a fixed number of I/O pins. There may be 
only a limited number of package sizes (e.g., 100 pins, 250 pins, 500 pins, and so forth). 
These may be "standard" available package sizes. Therefore, when a chip exceeds the 
maximum number of I/O pins that a particular package size can accommodate, the chip must 
be housed in the next larger package size. This can significantly increase the cost of 
manufacturing the chip. 




Therefore, there is a need for circuitry and methods that reduce or liniit the 
number of I/O pins on a programmable logic chip. 

BRIEF SUMMARY OF THE INVENTION 
5 The present invention is a programmable logic integrated circuit having a 

programmable logic portion and an embedded processor portion. The programmable logic 
and embedded processor portions are coupled together so data from one portion may be 
transferred to the other portion and visa versa. The programmable logic integrated circuit 
includes I/O pins that are shared by programmable logic and embedded processor portions of 
10 the integrated circuit. The embedded processor portion comprises a processor and associated 

logic and memory circuits. The programmable logic and embedded processor portions can 
!6f access data signals from and send data signals to the shared I/O pins. The input and output 
CO data signals are multiplexed to control access to the shared I/O pins. The multiplexers may 
3 be controlled by control signals that determine when particular I/O pins are accessed by the 
! ;|5 programmable logic portion or the embedded processor portion of the integrated circuit, 
is By providing shared I/O pins and associated circuitry, the number of 

j°K additional I/O pins that are required on an integrated circuit with programmable logic and 

!;f embedded processor portions is limited. The shared I/O circuitry of the present invention 

i y 

.p also limits the increase in size of a chip when an embedded processor portion is combined 
1 20 with a programmable logic portion on an integrated circuit. The shared I/O circuitry may 

limit the number of additional pins and chip size enough so that the integrated circuit does not 

have to be placed in a larger package size. 

The circuitry associated with the shared I/O pins on the integrated circuit may 

be configured to a different I/O standard depending upon whether the I/O pins are accessed 
25 by the programmable logic portion or by the embedded processor portion. Control signals 

that determine an I/O standard are multiplexed by the shared I/O circuitry of the present 

invention. Input data signals received at the shared I/O pins that are transmitted to the 

embedded processor portion may be monitored by circuitry within the programmable logic 

portion to provide debugging features, system wake-up features, etc. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is diagram of a digital system with a programmable logic integrated 

circuit; 
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FIG. 2 is a diagram showing an architecture of a programmable logic 
integrated circuit; 

FIG. 3 is a simplified block diagram of a logic array block (LAB); 
FIG. 4 shows an architecture of a programmable logic integrated circuit with 
5 embedded array blocks (EABs); 

FIG. 5 shows an architecture of a programmable logic integrated circuit with 

megaLABs; 

FIG. 6 is a diagram of a chip comprising embedded logic, a programmable 
logic device, and shared I/O circuitry in accordance with the principles of the present 
10 invention; and 

~= FIG. 7 is a more detailed diagram of shared I/O circuitry in accordance with 

% the principles of the present invention. 

i DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

jjs Combining programmable logic, memory, and a processor core, Altera' s new 

Excalibur™ embedded processor solutions allow engineers to integrate an entire system on a 
p single programmable logic device (PLD). The three families-(l) the Nios™ soft core 
* embedded processor, (2) the ARM®-based hard core embedded processor, and (3) the MIPS- 
"J based® hard core embedded processor-gives users the flexibility of processor cores with the 
20 integration of system-on-a-programmable-chip (SOPC) logic. 

Excalibur embedded processors can be used in a wide range of applications, 
from industrial instrumentation to DSL access concentrators. They offer full integration with 
Altera' s APEX™ PLD architecture, and include the Quartus™ development tool, optimized 
for the Excalibur embedded processor families. 
25 Figure 1 shows a block diagram of a digital system within which the present 

invention may be embodied. The system may be provided on a single board, on multiple 
boards, or even within multiple enclosures. Figure 1 illustrates a system 101 in which a 
programmable logic device 121 may be utilized. Programmable logic devices are sometimes 
referred to as a PALs, PLAs, FPLAs, PLDs, CPLDs, EPLDs, EEPLDs, LCAs, or FPGAs and 
30 are well-known integrated circuits that provide the advantages of fixed integrated circuits 
with the flexibility of custom integrated circuits. Such devices allow a user to electrically 
program standard, off-the-shelf logic elements to meet a user's specific needs. See, for 
example, U.S. patent number 4,617,479, incorporated by reference for all purposes. 
Programmable logic devices are currently represented by, for example, Altera's MAX®, 
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FLEX®, and APEX™ series of PLDs. These are described in, for example, U.S. patent 
numbers 4,871,930, 5,241,224, 5,258,668, 5,260,610, 5,260,611, 5,436,575, and the Altera 
Data Book (1999), all incorporated by reference in their entirety for all purposes. 
Programmable logic integrated circuits and their operation are well known to those of skill in 
5 the art. 

In the particular embodiment of Figure 1, a processing unit 101 is coupled to a 
memory 105 and an I/O 111 and incorporates a programmable logic device (PLD) 121. PLD 
121 may be specially coupled to memory 105 through connection 131 and to I/O 111 through 
connection 135. The system may be a programmed digital computer system, digital signal 

10 processing system, specialized digital switching network, or other processing system. 

Moreover, such systems may be designed for a wide variety of applications such as, merely 
by way of example, telecommunications systems, automotive systems, control systems, 

HI consumer electronics, personal computers, and others. 

5 Processing unit 101 may direct data to an appropriate system component for 

'£5 processing or storage, execute a program stored in memory 105 or input using I/O 1 1 1, or 
is other similar function. Processing unit 101 may be a central processing unit (CPU), 
i«H microprocessor, floating point coprocessor, graphics coprocessor, hardware controller, 
!^ microcontroller, programmable logic device programmed for use as a controller, or other 
Q processing unit. Furthermore, in many embodiments, there is often no need for a CPU. For 
2b example, instead of a CPU, one or more PLDs 121 may control the logical operations of the 
system. In some embodiments, processing unit 101 may even be a computer system. 
Memory 105 may be a random access memory (RAM), read only memory (ROM), fixed or 
flexible disk media, PC Card flash disk memory, tape, or any other storage retrieval means, 
or any combination of these storage retrieval means. PLD 121 may serve many different 
25 purposes within the system in Figure 1 . PLD 121 may be a logical building block of 

processing unit 101, supporting its internal and external operations. PLD 121 is programmed 
to implement the logical functions necessary to carry on its particular role in system 
operation. 

Figure 2 is a simplified block diagram of an overall internal architecture and 
30 organization of PLD 121 of Figure 1. Many details of PLD architecture, organization, and 

circuit design are not necessary for an understanding of the present invention and such details 
are not shown in Figure 2. 

Figure 2 shows a six-by-six two-dimensional array of thirty-six logic array 
blocks (LABs) 200. LAB 200 is a physically grouped set of logical resources that is 
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- - configured or programmed to perform logical functions. The internal architecture of a LA£ 
will be described in more detail below in connection with Figure 3. PLDs may contain any 
arbitrary number of LABs, more or less than shown in PLD 121 of Figure 2. Generally, in 
the future, as technology advances and improves, programmable logic devices with greater 
5 numbers of logic array blocks will undoubtedly be created. Furthermore, LABs 200 need not 
be organized in a square matrix or array; for example, the array may be organized in a five- 
by-seven or a twenty-by-seventy matrix of LABs. 

LAB 200 has inputs and outputs (not shown) which may or may not be 
programmably connected to a global interconnect structure, comprising an array of global 
10 horizontal interconnects (GHs) 210 and global vertical interconnects (GVs) 220. Although 
shown as single lines in Figure 2, each GH 210 and GV 220 line may represent a plurality of 

f ;8 signal conductors. The inputs and outputs of LAB 200 are programmably connectable to an 

CO 

m adjacent GH 210 and an adjacent GV 220. Utilizing GH 210 and GV 220 interconnects, 
5~ multiple LABs 200 may be connected and combined to implement larger, more complex 
! :P5 logic functions than can be realized using a single LAB 200. 

s In one embodiment, GH 210 and GV 220 conductors may or may not be 

ISij programmably connectable at intersections 225 of these conductors. Moreover, GH 210 and 
M GV 220 conductors may make multiple connections to other GH 210 and GV 220 
ri conductors. Various GH 210 and GV 220 conductors may be programmably connected 
s io together to create a signal path from a LAB 200 at one location on PLD 121 to another LAB 
200 at another location on PLD 121. A signal may pass through a plurality of intersections 
225. Furthermore, an output signal from one LAB 200 can be directed into the inputs of one 
or more LABs 200. Also, using the global interconnect, signals from a LAB 200 can be fed 
back into the same LAB 200. In specific embodiments of the present invention, only selected 
25 GH 210 conductors are programmably connectable to a selection of GV 220 conductors. 
Furthermore, in still further embodiments, GH 210 and GV 220 conductors may be 
specifically used for passing signal in a specific direction, such as input or output, but not 
both. 

In other embodiments, the programmable logic integrated circuit may include 
30 special or segmented interconnect that is connected to a specific number of LABs and not 

necessarily an entire row or column of LABs. For example, the segmented interconnect may 
programmably connect two, three, four, five, or more LABs. 

The PLD architecture in Figure 2 further shows at the peripheries of the chip, 
input-output drivers 230. Input-output drivers 230 are for interfacing the PLD to external, 
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off-chip circuitry. Figure 2 shows thirty-two input-output drivers 230; however, a PLD may 
contain any number of input-output drivers, more or less than the number depicted. Each 
input-output driver 230 is configurable for use as an input driver, output driver, or 
bidirectional driver. In other embodiments of a programmable logic integrated circuit, the 
5 input-output drivers may be embedded with the integrated circuit core itself. This embedded 
placement of the input-output drivers may be used with flip chip packaging and will 
minimize the parasitics of routing the signals to input-output drivers. 

Figure 3 shows a simplified block diagram of LAB 200 of Figure 2. LAB 200 
is comprised of a varying number of logic elements (LEs) 300, sometimes referred to as 
10 "logic cells," and a local (or internal) interconnect structure 310. LAB 200 has eight 
Q LEs 300, but LAB 200 may have any number of LEs, more or less than eight. 

A general overview of LE 300 is presented here, sufficient to provide a basic 
j 2 understanding of the present invention. LE 300 is the smallest logical building block of a 
J PLD. Signals external to the LAB, such as from GHs 210 and GVs 220, are programmably 
$5 connected to LE 300 through local interconnect structure 310. In one embodiment, LE 300 

of the present invention incorporates a function generator that is configurable to provide a 
01 logical function of a number of variables, such a four-variable Boolean operation. As well as 
C: combinatorial functions, LE 300 also provides support for sequential and registered functions 
Q using, for example, D flip-flops. 

20 LE 300 provides combinatorial and registered outputs that are connectable to 

the GHs 210 and GVs 220, outside LAB 200. Furthermore, the outputs from LE 300 may be 
internally fed back into local interconnect structure 310; through local interconnect structure 
310, an output from one LE 300 may be programmably connected to the inputs of other LEs 
300, without using the global interconnect structure's GHs 210 and GVs 220. Local 

25 interconnect structure 310 allows short-distance interconnection of LEs, without utilizing the 
limited global resources, GHs 210 and GVs 220. 

Figure 4 shows a PLD architecture similar to that in Figure 2. The architecture 
in Figure 4 further includes embedded array blocks (EABs). EABs contain user memory, a 
flexible block of RAM. More discussion of this architecture may be found in the Altera Data 

30 Book (1999) in the description of the FLEX 10K product family and also in U.S. patent 
number 5,550,782, which are incorporated by reference. 

Figure 5 shows a further embodiment of a programmable logic integrated 
circuit architecture. Figure 5 only shows a portion of the architecture. The features shown in 
Figure 5 are repeated horizontally and vertically as needed to create a PLD of any desired 
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size. In this architecture, a number of LABs are grouped together into a megaLAB. In a 
specific embodiment, a megaLAB has sixteen LABs, each of which has ten LEs. There can 
be any number of megaLABs per PLD. A megaLAB is programmably connected using a 



5 level that is between the global interconnect and local interconnect levels. The megaLAB 
interconnect can be programmably connected to GVs, GHs, and the local interconnect of 
each LAB of the megaLAB. Compared to the architecture of Figure 2, this architecture has an 
additional level of interconnect, the megaLAB interconnect. Such an architecture is found in 
Altera's APEX™ family of products, which is described in detail in the APEX20K 
1 0 Programmable Logic Device Family Data Sheet (November 1 999), which is incorporated by 
reference. In a specific implementation, a megaLAB also includes an embedded system block 
<>9 (ESB) to implement a variety of memory functions such as CAM, RAM, dual-port RAM, 
3j ROM, and FIFO functions. 

O In an aspect of the present invention, an integrated circuit includes on the same 

Lffl5 semiconductor substrate a programmable logic portion and an embedded processor portion, 
'f ? The embedded processor portion may also be referred to as the embedded logic portion. The 

programmable logic portion includes features as discussed above. In a particular 
M implementation, the programmable logic portion of the integrated circuit is similar to the 
% APEX 20K architecture, and in particular the APEX 20K1000E device. The embedded 



l ! 20 processor portion of the integrated circuit may include a processor core (e.g., an ARM922T 

processor, or a MIPS4kc processor), and on-chip single and dual-port memories together with 
other IP (e.g., SDRAM controller, Flash interface, interrupt controller, watchdog timer, 
timers, UART, PLD interfaces, etc.) The processor core may have a JT AG/debug external 
interface. The integrated circuit may include external bus interface can interface to external 
25 devices. The UART can interface with a serial port. 



present invention is to base the programmable logic portion on an existing design and then to 
add an embedded processor portion. There are some advantages to this technique such as 
providing a programmable logic design that customers are already familiar with and that can 
30 be used with existing software. Further, a programmable logic integrated circuit with an 

embedded processor portion may be more easily and quickly implemented by simply taking 
an existing programmable logic design and adding an embedded processor portion. 
Furthermore, another advantage is that the embedded processor portion may be incorporated 



megaLAB interconnect. This megaLAB interconnect may be considered another interconnect 



One technique of implementing a programmable logic integrated circuit of the 
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into any programmable logic design, such as those of Altera, Xilinx, or Lattice to easily and 
quickly create a programmable logic integrated circuit with a processor. 

When an embedded processor portion is added to an existing programmable 
logic design (such as one of the APEX devices) on the same integrated circuit chip, the chip 
5 must be enlarged to accommodate the embedded processor portion. The embedded processor 
portion requires I/O pins which also increase the surface area of the chip. If additional pins 
are added to support the embedded processor portion, the resulting chip may be too large to 
fit in the same package size as the original programmable logic chip. Using larger package 
sizes is generally undesirable, because it can significantly increase the cost of manufacturing 
10 the chip. 

{5B j The shared I/O circuitry of the present invention includes I/O pins that can be 

accessed by either the embedded processor portion or the programmable logic portion of the 

ffl 

S3 chip. The shared I/O circuitry of the present invention limits the number of additional I/O 
^ pins that need to be placed on the chip for the embedded processor portion, and limits the 
l §5 total size of the chip. An integrated circuit with the shared I/O circuitry of the present 

invention may fit into a smaller package than a chip with embedded processor and 
% programmable logic portions that does not have shared I/O circuitry. Therefore, the present 
i saR invention can provide significant cost savings in the manufacturing process, 
p An integrated circuit chip comprising a programmable logic portion, an 

|B 20 embedded processor portion, and shared I/O circuitry in accordance with the principles of the 
present invention is shown in FIG. 6. Chip 400 includes programmable logic portion 402 and 
embedded processor portion 401, which includes processor 405 and associated memory and 
logic circuits in section 401. Portion 402 is adjacent to I/O pins in regions 403 A-C that are 
accessible by circuitry in portion 402, but are not accessible by circuitry in portion 401. Chip 
25 400 includes shared I/O portion 404 which includes I/O pins and associated circuitry that may 
be accessed by circuitry in portion 402 or by circuitry in embedded processor portion 401. 
Embedded processor portion 401 may be easily added to an existing programmable logic 
design embodied in portion 402 by adding portion 401 to the periphery of the layout as 
shown in FIG. 6. 

30 Top I/O decoder portion 407 decodes signals passing between the shared I/O 

pins in region 404 and circuitry in programmable logic portion 402. Embedded MUX 
interface 408 and embedded Bus and MUX portion 406 include multiplexers that select 
signals lines from programmable logic portion 402 or embedded processor portion 401 to be 
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coupled to the shared I/O pins in section 404. Shared I/O pins in section 404 aaci associated 
circuitry advantageously limits the number of I/O pins on chip 400. 

The shared I/O circuitry in portion 404 includes I/O pins that provide access to 
signals from external circuits. The shared I/O circuitry also includes circuitry that drives 
5 signals sent to and from the shared I/O pins and circuitry that controls the I/O transfer 
standards of signals that are applied to the shared I/O pins. Both of these are discussed in 
further detail below. 

The shared I/O pins are accessible by the programmable logic and the 
embedded processor portions of the chip. If the shared I/O pins are not being used by the 

10 embedded processor portion, then they may be accessed by the programmable logic portion 
2 to augment the I/O pins in regions 403 A-403C that are dedicated to programmable logic 

a 

Q portion 402. If desired, embedded processor portion 401 may include dedicated I/O pins that 
?{ are only accessible by processor 405. 

| A detailed diagram of an embodiment of the shared I/O circuitry of the present 

is invention is shown in FIG. 7. Shared I/O portion 404 of chip 400 includes numerous I/O pins 
*s and associated circuitry. One such shared I/O pin is shown in FIG. 7 for purposes of 
~ rl illustration. Signals can be driven on to shared I/O pin 501 through driver circuit 502 from 

11 programmable logic portion 402 or embedded processor portion 401 . Embedded processor 
*f portion 401 is also referred to as the standard cell. The IOSelect signal determines when I/O 
20 pin 501 can be accessed by circuits in embedded processor portion 401 and when it can be 

accessed by circuits in programmable logic portion 402. 

Processor 405 can gain access to the shared I/O pins by writing to a register, 
which determines the state of IOSelect. Processor 405 can set IOSelect so that it gains access 
to I/O pins in shared I/O region 404. When processor 405 does not need to use I/O pins in 
25 region 404, IOSelect indicates that these I/O pins are accessible by programmable logic 
portion 402. 

IOSelect is coupled to the select input terminals of multiplexers 504-505 and 
507-510. When the value of the IOSelect signal indicates that the embedded processor 
portion 401 needs to access I/O pin 501, multiplexer 505 couples the output enable signal 
30 from the embedded processor portion (i.e., OE from Std Cell) to the output of multiplexer 

505, and multiplexer 504 couples the data output signal from the embedded processor portion 
(i.e. output from Std Cell) to the output of multiplexer 504. When the value of the IOSelect 
signal indicates that the embedded processor portion does not need to access I/O pin 501, 
multiplexer 505 couples the output enable signal from the programmable logic portion 402 
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(i.e., OE from PLD) to the output of multiplexer 505, and multiplexer 504 couples the data 

output signal from the programmable logic portion 402 to the output of multiplexer 504. 

The output terminals of multiplexers 504 and 505 are coupled to JTAG circuit 

511. JTAG circuit 5 1 1 may be used to perform testing and debugging functions on signals 

5 sent to and from the embedded processor and programmable logic portions. Further details 

of the operation of JTAG circuitry are discussed in "IEEE 1 149.1 (JTAG) Boundary-Scan 

Testing in Altera Devices," Application Note 39, August 1999, pp. 1-29, which is 

incorporated by reference in its entirety for all purposes. 

The output enable signal selected by multiplexer 505 is passed through JTAG 

10 circuit 51 1 to the tri-state input 513 of tri-state driver 502, and the data signal selected by 

r% multiplexer 504 is passed through JTAG circuit 5 1 1 to the data input of driver 502. The 

'"tl output enable signal from the programmable logic portion 402 or the embedded processor 

S portion 401 causes tri-state driver 502 to be ON or OFF. Thus, the output enable signals 

ia p* determine when output data signals from the programmable logic portion 402 or from the 

^5 embedded processor portion 401 are coupled to or decoupled from I/O pin 501. 
Pi , . 

Signals that are applied to I/O pin 501 from external sources are driven mto 

m chip 400 through driver circuit 503. A signal from the Buffer Select Logic selects an input 

N ; standard for driver circuit 503. When driver circuit 503 is enabled, external signals applied to 

f| I/O select pin 501 are driven from driver 503 through JTAG circuitry 5 1 1 as inputs into 

■ ! "2o portion 402 (Input to PLD) or portion 401 (input to Std Cell) as shown in FIG. 7. JTAG 

circuit 511 may perform testing and debugging functions on input signals applied to the 

shared I/O pins such as pin 501. 

External signals applied to I/O pin 501 may be driven as inputs into portion 

401 (i.e., Input to Std Cell) when switch 506 is ON. Switch 506 may be, for example, a 
25 transistor such as a MOSFET. Switch 506 is turned ON and OFF by the IOSelect signal. 

Thus, the IOSelect signal controls when signals are driven from portions 401 or 402 onto pin 

501 as chip outputs, and when signals are driven from pin 501 into portions 401 and 402 as 

chip inputs. 

External signals applied to external I/O pin 501 are always driven into the 
30 PLD when driver circuit 503 is enabled in the embodiment shown in FIG. 7. This feature 

allows input signals that are driven into embedded processor portion 401 or output signals to 
be monitored or "snooped" by circuits in programmable logic portion 402 to perform various 
functions. For example, circuits in programmable logic portion 402 may monitor input 
signals received on pin 501 that are sent to embedded processor portion 401 (i.e., switch 506 

10 



ON) to perform debugging functions by providing an output signal when a trigger point is 
reached. 

As another example, circuitry in programmable logic portion 402 may monitor 
inputs to embedded processor portion 401 from the shared I/O pins such as pin 501 to provide 
5 system wakeup when certain signals patterns are received on the I/O pins. Circuitry in 
programmable logic portion 402 can monitor signals received at the I/O pins to determine 
when a pattern indicative of an event that indicates the onset of higher power state occurs. 
That circuitry in programmable logic portion 402 may then send a signal to processor 405 
causing it to exit the current standby mode and to return to a higher power state. If desired, a 
10 switch such as a transistor coupled to IOSelect may be placed in series with the input to 
'Q programmable logic portion 402 from the shared I/O pins such as pin 501 . This switch is 
ii| switched out of phase with switch 506 by IOSelect and is used to block the programmable 

logic portion snooping feature previously discussed. 
»P« The shared I/O circuitry of the present invention is configured to an I/O 

m 

;;lj5 standard that is determined by signals ROPNDRN, RPCI, and RNSLEW shown in FIG. 7. 
!L Signals ROPNDRN, RPCI, and RNSLEW are coupled to the appropriate control signals from 
CH either programmable logic portion 402 or embedded processor portion 401 depending upon 
h j which portion of the chip accesses I/O pin 501 . 

W The shared I/O pins in region 404 of the chip may be accessible in groups or 

20 banks such that signals ROPNDRN, RPCI, and RNSLEW can activate I/O standards for an 
entire group or bank of shared I/O pins at once. For example, a group of shared I/O pins that 
are used to interface to an SDRAM controller may require the same I/O standard. These 
shared I/O pins may be enabled for use by embedded processor portion 401 at the same time. 
Instead of providing a set of I/O standard control signals for each individual shared I/O pin, it 

25 may be desirable to provide one set of control signals to the entire group of shared I/O pins. 

Programmable logic portion 402 and embedded processor portion 401 of chip 
400 each output a plurality of control signals which are designed to configure the shared I/O 
pins to an appropriate I/O standard. For processor applications, large blocks of I/O pins are 
normally required to be configured to the same I/O standard. Therefore, processors typically 

30 can configure large blocks of I/O pins in groups by providing a single shared signal. For 

example, the OpenDrainSelect signal, PCISelect signal, and the SlewSelect signal are control 
signals from embedded processor portion 401, which each configure groups of the shared I/O 
pins that are accessed by circuitry in embedded processor portion 401 (including processor 
405). 

11 



With respect to programmable logic applications, each I/O pin typically needs 
to be configured on an individual basis. For example, the CRAM signals shown in FIG. 7 are 
a plurality of unique control signals from programmable logic portion 402 that individually 
configure each of the shared I/O pins that are accessed by circuitry in programmable logic 
portion 402. 

The IOSelect signal indicates whether programmable logic portion 402 or 
embedded processor portion 401 accesses I/O pin 501 by controlling multiplexers 504-505 
and switch 506. IOSelect causes multiplexers 508-510 to couple the CRAM control signals 
to ROPNDRN, RPCI, and RNSLEW when I/O pin 501 is accessed by programmable logic 
portion 402. IOSelect causes multiplexers 508-510 to couple OpenDrainSelect, PCISelect, 
and SlewSelect to ROPNDRN, RPCI, and RNSLEW, respectively, when I/O pin 501 is 
accessed by embedded processor portion 401. 

Signal ROPNDRN can select the open drain standard for I/O pin 501 in 
response to the selected CRAM or OpenDrainSelect signal. Signal RPCI can select the PCI 
standard for I/O pin 501 when it is coupled to a PCI bus in response to the selected CRAM or 
PCISelect signal. Signal RNSLEW selects an appropriate slew rate for the bus coupled to I/O 
pin 501 in response to the state of the selected CRAM or SlewSelect signal. The Open Drain, 
PCI, and Slew Rate I/O standards are well known to those of skill in the PLD and 
microprocessor design art. If desired, other I/O standards may be used to configure the 
shared I/O circuitry in addition to or instead of the I/O standards discussed. 

The RDEBUG signal determines whether JTAG circuitry 5 1 1 is enabled or 
disabled. Multiplexer 507 couples either 0 or a CRAM control signal to the RDEBUG signal 
in response to the IOSelect signal. When the IOSelect signal indicates that programmable 
logic portion 402 is to access I/O pin 501, multiplexer 507 couples the appropriate CRAM 
signal to RDEBUG, which enables or disables JTAG circuitry 511. When the IOSelect signal 
indicates that embedded processor portion 401 is to access I/O pin 501, multiplexer 507 
coupled 0 to RDEBUG, and JTAG circuit 51 1 is disabled. Therefore, JTAG circuitry 51 1 is 
disabled in the embodiment of FIG. 7 when embedded processor portion 401 of the chip 
accesses the shared I/O pins. If desired, an active control signal from embedded processor 
portion 401 may be coupled to multiplexer 507 instead to enable JTAG circuitry 511 when 
embedded processor portion 401 accesses I/O pin 501. 

Multiplexers 512 are a series of multiplexers which output signals that 
determine what I/O standard is being applied and select the appropriate input buffer 503 from 
Input Buffer Select Logic. For example, when the shared I/O pins are accessed by embedded 
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processor portion 401, an SDRAM controller interface may require a certain reference 
voltage standard. Certain shared I/O pins are assigned as Vref inputs according to this 
standard. Multiplexer 512 selects an appropriate reference signal for shared I/O pins that are 
to be used as Vref inputs in this mode only. 

A reference voltage Vref from a shared I/O pin may be provided to a 
differential input of a comparator. The other input of the comparator is driven by an input 
signal. The Vref reference voltage determines if the required input signal is a logic LOW or 
a logic HIGH for certain I/O standards (e.g., SSTL2). 

In a further aspect of the present invention, shared I/O circuitry between the 
programmable logic and embedded logic portions may be used in various operational modes. 
Some example operational modes for chip 400 include Boot from Flash Mode, Reset Mode, 
Normal Configuration mode, and Toggle Mode. Other operational modes may also be used 
with the shared I/O circuitry of the present invention. The various operational modes 
discussed herein address the issue of how to access the processor using the shared I/O pins of 
the present invention. 

Reset mode is a default state during power up of the chip in which IOSelect is 
set so that all of the I/O pins in shared I/O portion 404 are coupled to received output signals 
from programmable logic portion 402 and to send input signals to programmable logic 
portion 402. Boot from Flash mode is an example of a startup mode for chip 400. In Boot 
from Flash mode, after Reset mode embedded processor portion 401 accesses an external 
Flash interface for it's boot code (e.g., using shared I/O pins). The Flash interface is required 
to be accessed immediately after Reset mode in Boot from Flash mode. In other modes, the 
Flash interface may not be required immediately after Reset mode. The default state of the 
IOSelect signal controls whether the Flash interface is enabled for use by programmable logic 
portion 402 or embedded logic portion 401. Dedicated inputs are provided that determine the 
initial modes of operation (e.g., Boot from Flash, Normal Configuration, etc.). Signals on 
these pins that are sampled during Reset mode determine the state of the register that drives 
the IOSelect signal for the Flash interface immediately after de-assertion of Reset mode. 

In Normal configuration mode, the shared I/O circuitry of the present 
invention (or other non-shared I/O pins) may be used as access pins to configure logic 
circuits, memory, etc. within chip portions 401 and 402. Certain banks of shared I/O pins 
may be used to configure circuits in embedded processor portion 401, and other banks of 
shared I/O pins may be used to configure circuits in programmable logic portion 402. 
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In a further embodiment of the present invention, the use of the shared I/O 
pins may be dynamically toggled between programmable logic portion 402 and embedded 
processor portion 401 in a Toggle Mode. Input signal streams received at pin 501 may be 
alternately driven as input signals to programmable logic portion 402 and embedded 
processor portion 401 . External signals received at I/O pin 501 may be dynamically toggled 
to embedded processor portion 402 by switching switch 506 ON and OFF in response to 
IOSelect. External signals received at I/O pin 501 may be continuously received by circuitry 
in programmable logic portion 402 (or toggled to programmable logic portion 402 by placing 
a switch coupled to the IOSelect signal in series with the input to the programmable logic 
from pin 501). Monitoring circuity in programmable logic portion 402 may monitor signals 
sent as inputs to embedded processor portion 401 from pin 501 to perform debugging and 
other functions. The monitoring circuitry in programmable logic portion 402 may sense the 
state of the IOSelect signal to determine when signals received on pin 501 are intended to be 
data inputs to programmable logic portion 402. 

In addition, output signals from programmable logic portion 402 and from 
embedded processor portion 401 may be dynamically toggled as output signals driven onto 
output pin 501. In general, an output signal is transmitted to pin 501 from only one source at 
a time: either programmable logic portion 402 or embedded processor portion 401. IOSelect 
can toggle multiplexers 504-505 to dynamically drive output signals from programmable 
logic portion 402 and from embedded processor portion 401 onto pin 501 . Output signals 
from programmable logic portion 402 and embedded processor portion 401 can be 
concatenated into a continuous output stream received at pin 501. 

While the present invention has been described herein with reference to 
particular embodiments thereof, a latitude of modification, various changes and substitutions 
are intended in the foregoing disclosure, and it will be appreciated that in some instances 
some features of the invention will be employed without a corresponding use of other 
features without departing from the scope of the invention as set forth. Therefore, many 
modifications may be made to adapt a particular situation or material to the teachings of the 
invention without departing from the essential scope and spirit of the present invention. It is 
intended that the invention not be limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but that the invention will include all 
embodiments and equivalents falling within the scope of the claims. 
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